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Abstract Human plasma was analyzed by high performance
liquid chromatography for the presence of retinoic acid and
4-oxoretinoic acid isomers. Peaks that coeluted with the refer-
ence compounds all-trans-retinoic acid, 13-¢is-retinoic acid, and
13-cis-4-oxoretinoic acid were routinely observed in human plas-
ma. These retinoids were unequivocally identified by the follow-
ing methods: comigration with reference compounds under
several high performance liquid chromatographic conditions;
comparison of ultraviolet spectra with those of reference com-
pounds; derivatization with diazomethane and coelution of the
methyl esters with reference compounds in a high performance
liquid chromatographic system as well as in a gas chromatogra-
phy systemn with a mass selective detector. In vitro formation of
13-¢is-retinoic acid and 13-cés-4-oxoretinoic acid as artifacts dur-
ing the analytical procedure was excluded by control experi-
ments. The mean plasma concentrations of the vitamin A
metabolites in ten male volunteers were: all-trans-retinoic acid:
1.32 + 0.46 ng/ml; 13-cis-retinoic acid: 1.63 + 0.85 ng/ml; and
13-cis-4-oxoretinoic acid: 3.68 + 0.99 ng/ml.. After oral dosing
with vitamin A (833 IU/kg body weight) in five male volunteers,
mean plasma all-trans-retinoic acid increased to 3.92 t 1.40
ng/ml and 13-¢is-retinoic acid increased to 9.75 + 2.18 ng/ml.
Maximal plasma 13-cis-4-oxoretinoic acid concentrations (aver-
age 7.60 + 1.45 ng/ml) were observed 6 h after dosing which
was the last time point in this study. Concentrations of all-trans-
4-oxoretinoic acid were low or not detectable. Our findings
suggest that, in addition to all-trans-retinoic acid, 13-cis-retinoic
acid and 13-¢is-4-oxoretinoic acid are present in normal human
plasma as metabolites of vitamin A.—Eckhoff, C., and H.
Nau. Identification and quantitation of all-frans- and 13-cis-reti-
noic acid and 13-¢is-4-oxoretinoic acid in human plasma. J. Lipid
Res. 1990. 31: 1445-1454.
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Retinol can be metabolized to more polar retinoids
such as all-trans-R A which has been detected in blood and
several tissues of laboratory animals (1-5). All-trans-RA
cannot be converted back to retinol (6, 7) but can fulfill
several important biological functions of vitamin A.

These include growth promotion and differentiation of
epithelial cells (6-10). A specific cellular binding protein
for all-trans-RA, CRABP, has been identified (11, 12) and
the biological effects of all-trans-RA are thought to be me-
diated by gene-regulating nuclear receptors (13, 14).
Therefore, all-trans-RA represents a biologically active
form of vitamin A. All-trans-RA cannot, however, replace
retinol in the visual cycle (6) and in reproductive func-
tions (15).

All-trans-RA has been found to be present in very small
quantities (1-4 ng/ml) in normal human serum or plasma
(16-19). 13-Cis-RA and the 4-oxo-metabolites of retinoic
acid, all-trans-4-oxoRA and 13-cis-4-oxoRA, have not
been unambiguously identified in human blood. In the
rat, however, it has been proposed that 13-cis-RA is pre-
sent in the blood and the small intestine under vitamin A
steady-state conditions (5). The physiological significance
of the presence of two isomers of retinoic acid, all-trans
and 13-¢is, is not yet clear.

We investigated human plasma for the presence of en-
dogenous all-trans-RA, 13-cis-RA, all-trans-4-oxoRA, and
13-cis-4-0xoRA. Several analytical techniques including
HPLC, derivatization, UV spectroscopy, and gas chroma-
tography/selected ion monitoring were used to identify
endogenous retinoic acid compounds. Furthermore, we
describe a routine HPLC method that was successfully
used to investigate the influence of a single dose of vitamin
A (833 IU/kg body weight) on the retinoic acid levels in
plasma.

Abbreviations: CRABP, cellular retinoic acid binding protein;
HEPES, 4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid; HPLC,
high performance liquid chromatography; RA, retinoic acid; TBAHS,
tetrabutylammoniumhydrogensulfate; UV, ultraviolet.
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MATERIALS AND METHODS

Chemicals

All-tmns-RA and 13-as-RA were purchased from Sigma
(Munich, FRG.). All-tans-4-0x0RA, 13-¢is-4-0x0RA, and RO
13-7652 (13-cis-acitretin; (2Z, 4E, 6E, 8E)-9-(4-methoxy-2,3,6-
trimethylphenyl)-3,7-dimethyl-2,4,6,8-nonatetraenoic acid)
were kindly provided by Hoffmann-La Roche (Basel,
Switzerland). Lyophilized analytical grade bovine serum
albumin and HEPES buffer were from Serva (Heidel-
berg, FR.G.) TBAHS was from Fluka (Buchs, Switzer-
land). Methanol was HPLC grade and was supplied,
together with all other analytical grade chemicals, from
Merck (Darmstadt, F.R.G.). Water for HPLC was pre-
pared by a Milli-Q-water purification system. Diazome-
thane was produced from 1-methyl-3-nitro-1-nitrosogua-
nidine (MNNG, Aldrich) with a MNNG-diazomethane
kit.

Laboratory precaution

All handling of retinoids and samples was performed in
a room with dim yellow light.

Solutions

Stock solutions of 13-cis-4-oxoRA, all-trans-4-oxoRA,
13-¢is-RA, all-trans-RA, and the internal standard RO 13-
7652 were prepared by dissolving 10 mg of each com-
pound in 100 ml ethanol, respectively. All stock solutions
were kept at — 25°C. The internal standard working solu-
tion was prepared by adding 15 pl of RO 13-7652 solution
to 35 ml acetonitrile and adding 65 ml of an aqueous 2%
ammonium acetate solution.

Plasma samples

Blood was drawn from healthy male volunteers and
plasma was prepared by centrifugating the blood in hepa-
rinized tubes for 10 min at 1500 g and 4°C. The samples
were stored in polypropylene tubes at — 80°C until analy-
sis.

Dosing of vitamin A

Volunteers received retinyl palmitate (833 IU/kg body
weight) as oily drops (A-Vicotrat oleosum forte, Heyl,
Berlin, FR.G)).

Sample preparation

Samples were prepared for injection into the HPLC
system by a solid phase extraction technique using the Va-
rian AASP module. This is an automated device for solid
phase extraction followed by HPLC analysis (20). An
AASP C2 cartridge (silica modified with ethyl groups)
was pre-conditioned with 1.5 ml methanol followed by 0.6
ml 2% ammonium acetate solution. Plasma (0.35 ml,
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centrifuged at 2000 ¢ and 4°C for 10 min) was diluted
with 2% ammonium acetate solution (0.6 ml) and the in-
ternal standard working solution (0.6 ml) was added. This
mixture was pressed through the cartridge where lipophi-
lic plasma components were transferred to the modified
silica. The cartridge was washed twice with 1.5 ml 0.5%
aqueous ammonium acetate solution—acetonitrile 8.5:1.5
to remove proteins and other interfering polar substances.
The cassette was then loaded onto the AASP. Each car-
tridge was purged with 0.5 ml 0.5% aqueous ammonium
acetate solution-methanol 8.5:1.5 prior to on-line elution
onto the analytical column in order to remove air from the
cartridge. AASP conditions were: run time 12 min; cycle
time 15 min; valve reset 3.7 min. At the end of the run
time, the cartridge was again purged with 0.5 ml 0.5%
aqueous ammonium acetate solution-methanol 8.5:1.5 to
remove all residual analytical eluent from the AASP capil-
laries.

Chromatography

HPLC system I was designed for the analysis of plasma
samples. It consisted of two pumps (type 64), a gradient
programmer 50B, a dynamic mixing chamber (all from
Knauer, Berlin, FR.G.), an AASP sample processor (Va-
rian, Darmstadt, FR.G.), and a SPD-6A variable wave-
length UV-detector (flow cell: 10 x | mm) and a C-R4A
two-channel integrator (Shimadzu). The column
(120 x 4 mm) was packed with Spherisorb ODS II 3 um
(Phase Separations) in our laboratory and placed in a TC
931 column block heater (Applied Chromatography Sys-
tems Ltd., Macclesfield, UK.). A binary gradient was
formed from solvent A: 60 mM ammonium acetate, ad-
Jjusted to pH 5.75 with acetic acid-methanol 1:1 and sol-
vent B:pure methanol. The solvents were degassed by
ultrasonic treatment prior to their use. The gradient con-
ditions were (only the percent solvent B are mentioned):
I) 15% solvent B at the time of injection (i.e., switching
of the AASP 10 way valve); II) linear increase to 90% sol-
vent B at 11 min; IIT) linear increase to 99% solvent B at
11.2 min; IV) maintenance of 99% solvent B until 12 min.
The starting conditions of the gradient (15% solvent B).
were reached again at 12.5 min. The flow rate was 0.7
ml/min and the column was heated to 60°C. UV detec-
tion was carried out at 340 nm. Fig. 1A shows the chro-
matogram of a standard sample.

HPLC system II was used for rechromatography of
peaks collected from system I. The apparatus consisted of
one type 64 Knauer pump, a Rheodyne 7125 injector
equipped with a 200 ul sample loop, a TC 950 column
block heater, and a SPD-6A UWV-detector. Chromato-
grams were recorded on a C-R4A integrator. A peak
cluate (ca. 150 pl) was directly injected on a 120 x 4 mm
Nucleosil 5 C18 column (Macherey und Nagel, Diren,
FR.G)) and eluted with 1.2 ml/min 10 mM TBAHS, 20 mM
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HEPES (pH 7.0)-methanol 3.5:6.5 (system Ila) or 1:4
(system IIb) at 35°C. The retention time was compared
to that of the appropriate standard.

HPLC system III was used to chromatograph the
methylated retinoic acid derivatives and was identical
with system II except for a 300 x 4 mm Hypersil ODS
5 pm column (Shandon) which was eluted with 1.2
ml/min 60 mM ammonium acetate (pH 5.75)-methanol
1:4 (system IIla) or 1.9 (system IIIb) at 30°C. For deriva-
tization, a peak eluate was diluted with water and ex-
tracted on an AASP C8 cartridge. After washing with 1
ml 20% methanol in water, the compound was eluted
with 0.5 ml methanol and treated with ca. 40 pmol diazo-
methane dissolved in 0.25 ml diethylether. After evapora-
tion of the solvents under nitrogen, the methylated
product was injected in 100 ul of mabile phase into HPLC
system IIla or IIIb. The retention time was compared to
that of a methylated retinoid standard.

Gas chromatography/selected ion monitoring

The system consisted of a 5890 gas chromatograph
combined with a 5970 mass selective detector (Hewlett Pack-
ard). One ul samples were injected (injector temperature:
250°C for 13-cis- and all-trans-methylretinoate and 300°C for
13-cis-4-oxomethylretinoate) on a 0.2 mm x 20 m DB-5-
30W column. Helium was the carrier gas (5 psi at column
head). The oven program was: initial temperature 180°C,
after 3 min increasing with 15°C/min to 240°C. Chroma-
tograms were recorded in the single ion mode with the de-
tector focused on m/z 328 or m/z 314.

Control experiments

To exclude the possibility of artifact formation, a small
amount of either 13-¢is-RA or all-trans-RA reference com-
pound, dissolved in 50% methanol, was added to freshly
drawn whole blood (5 ng/ml of blood). Plasma was pre-
pared by centrifugation and submitted to HPLC analysis.
Aliquots of the prepared plasma samples were frozen at
- 25°C and analyzed after 14 weeks of storage.

Calibration, quantitation

Calibration was done by analyzing a known amount of
the reference retinoids (usually 25 ng/ml, respectively)
dissolved in a retinoid-free 5% solution of pure bovine se-
rum albumin in phosphate-buffered saline. RO 13-7652
was used as an internal standard. The calibration factors
were calculated from the peak area ratios. The limit of
quantitation was 0.5 ng/ml at a signal-to-noise ratio of 5:1.

RESULTS

HPLC analysis of normal human plasma

Fig. 1B shows the chromatogram of a plasma sample
from a healthy male volunteer who had fasted overnight.
IS marks the internal standard RO 13-7652. Letters A, B,
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Fig. 1. HPLC separation of retinoic acid compounds. A, Standard reti-
noids at a concentration of 5 ng/ml in 1% bovine serum albumin ( = 175
ng of each compound injected). 1, All-tmns-4-oxoRA (5.43 min); 2, 13-cis-4-
oxoRA (5.85 min); 3, 13-cis-RA (10.41 min); 4, all-frans-RA (10.91 min); IS,
internal standard RO 13-7652 (9.08 min). B, Plasma sample taken from a
male volunteer. Retention times of the indicated peaks were: A, 5.84 min;
B, 10.41 min; C, 10.91 min; IS, 9.09 min. The small peak eluting before
peak A at 5.40 min could not be identified as all-frans-4-oxoRA by the de-
scribed methods. Furthermore, it was not enhanced by a single oral dose

“of 833 IU of vitamin A/kg body weight.

and C indicate peaks that coeluted with the reference
compounds 13-cis-4-oxoRA (2), 13-cis-RA  (3), and
all-zrans-R A (4) (Fig. 1A). Changes of the concentration of
ammonium acetate or the pH in the eluate selectively in-
fluenced the retention times of peaks A, B, and C, whereas
other sample components were virtually not affected. De-
creasing the concentration of ammonium acetate and/or
increasing the pH by the addition of ammonia resulted in
shorter retention times. Conversely, the increase of the
concentration of ammonium acetate and/or the decrease
of the pH by adding acetic acid led to prolonged retention
times. Under all conditions, the retention times of the
reference compounds 13-cis-4-0xoRA, 13-ci5-RA, and
all-trans-R A were changed in the same manner and extent
as was the case for peaks A, B, and C (data not shown).

Rechromatography

The addition of quaternary ammonium salts such as te-
trabutylammonium to the mobile phase results in an in-
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crease in retention times of organic acids in reversed
phase chromatography (21). The chromatographic beha-
vior of the reference retinoids and the collected eluates
from peaks A, B, and G were investigated under ion-pair
conditions. The HPLC systems used (systems Ila and
IIb) were based on a HPLC separation that was success-
fully used for the analysis of retinoic acid in animal blood
and tissues (22). Coelution of the reference compounds
13-cis-4-0xoR A with peak A eluate, 13-¢is-RA with peak B
eluate, and all-trans-RA with peak C eluate was observed
(Fig. 2).

UV-spectra

The UV spectra of the very low concentrations of the
putative retinoic acid compounds in plasma were attained
by repeated analysis of a pooled plasma sample at various
wavelength settings. A standard made with 15 ng of each
retinoid/ml of a 5% bovine serum albumin solution was
analyzed to obtain the authentic retinoid spectra. Very
similar absorption maxima were found for peak A and ay-
thentic 13-¢is-4-oxoRA (Fig. 3A, Ny ca. 360 nm), peak B
and 13-¢is-RA (Fig. 3B, Amax = 340 nm), and peak C and
all-trans-RA (Fig. 3C, Amax = 340 nm).

Derivatization

Derivatization with diazomethane has previously been
used in identification of retinoic acid derivatives (16, 23).

Furthermore, methylation of retinoic acid is a necessary
procedure to obtain a derivative that can be analyzed by
gas chromatography. Methylated peak A comigrated in
HPLC system IIla with 13-¢cis-4-oxomethylretinoate; in
HPLC system IIIb, peak B methylester and peak C
methylester comigrated with 13-cis-methylretinoate and
all-trans-methylretinoate, respectively (Fig. 4).

Gas chromatography/selected ion monitoring

Gas chromatography is an additional and useful ap-
proach to compare the identity of a sample component
with a reference compound. This is particularly true
when a mass selective detector is used. Focused on the
molecular weight of 13-cis-4-oxomethylretinoate (m/z
328), peak A methylester exhibited an intense signal with
the retention time of the standard 13-cis-4-oxomethylreti-
noate (Fig. 5). The analysis of peak B methylester and
peak C methylester with detection at m/z 314 (molecular
weight of 13-cis-methylretinoate and all-frans-methylreti-
noate) demonstrated two peaks that coeluted with the
standard compounds 13-¢is-methylretinoate and all-trans-
methylretinoate, respectively (Fig. 6).

Control experiments

The addition of either 13-cis-RA or all-trans-RA refer-
ence compound to freshly drawn whole blood resulted in
a selective increase of the concentration of the added com-

DETECTOR RESPONSE

TIME (min)

Fig. 2. Rechromatography of peak eluates A, B, and C in an ion pair HPLC system and comparison of the chromatographic behavior with that of reference
compounds. The reference chromatograms are drawn with solid lines (from left to right, 13-cis-4-0xoRA, 13-cis-RA, all-frans-RA). The overlay chromatograms
drawn with dotted lines show from left to right; peak A eluate, peak B eluate, and peak C eluate. UV detection was carried out at 356 nm (system Ila,
left) or 340 nm (system IIb, middle and right). The peak retention times were: 13-cis-4-0xoRA 6.46 min, peak A eluate 6.47 min; 13-¢i5-RA 6.82 min, peak

B eluate 6.77 min; all-fans-RA 8.33 min, peak C eluate 8.27 min.
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Fig. 3. UV spectra of retinoids. The detector response (integrated peak area, arbitrary units) was plotted against wavelength settings at which an albumin
standard containing the authentic retinoids (solid lines) or a pooled plasma sample (broken lines) were repeatedly analyzed. A, Reference compound 13-cis-4-
oxoRA and peak A from plasma. B, Reference compound 13-cis-RA and peak B from plasma. C, Reference compound all-trans-RA and peak C from plasma.

pound in the resulting plasma sample (Table 1). This was

also true when the prepared plasma was analyzed after 14
weeks of storage at — 25°C (Table 1). All individual reti-
noic acid compounds including the internal standard
were completely stable on the AASP C2 cartridge for at
least 6 h after plasma extraction.

Recovery, reproducibility

Recovery of the retinoids from a spiked human plasma
was determined by comparison of the peak areas in the
spiked plasma minus the endogenous peak areas of the

plasma used for spiking with the peak areas obtained after
direct injection of respective amounts of retinoids in 50%
methanol into the sample loop of the AASP 10-way valve.
For all analytes, recovery was quantitative (>98%) at
concentrations of 10 and 100 ng/ml. The excellent
recovery shows the efficiency of the solid phase extraction
even in the case of 13-¢is-RA, which is known to be 99.9%
bound to albumin in human plasma (24). It was essential,
however, to sufficiently dilute the plasma sample with buf-
fer and to add some organic water-miscible solvent such
as alcohol or acetonitrile prior to the extraction (25). Be-

DETECTOR RESPONSE

12 14 16 18 0 2 4 6 8 10 12 14 16 18

TIME (min)

Fig. 4. Chromatography of the methylated peak eluates A, B, and C in a reversed phase HPLC system and comparison of the chromatographic behavior
with that of reference compounds. The reference chromatograms are drawn with solid lines (from left to right, 13-cis-4-oxomethylretinoate, 13-cis-methylreti-
noate, all-frans-methylretinoate). The overlay chromatograms drawn with dotted lines show from left to right: methylated peak A eluate, methylated peak
B eluate, and methylated peak C eluate. UV detection was carried out at 356 nm (system Illa, left) or 340 nm (system IIIb, middle and right). The peak
retention times were: 13-cis-4-oxomethylretinoate 11.31 min, peak A methylester 11.33 min; 13-cis-methylretinoate 12.79 min, peak B methylester 12.82 min;
all-frans-methyiretinoate 14.37 min, peak C methylester 14.37 min. During the methylation of peak B eluate, some all-frans-methylretinoate was formed in
addition to 13-cis-methylretinoate. The same phenomenon had been observed when analyzing methylated peak B eluate with gas chromatography/selected

ion monitoring (Fig. 6, middle).

Eckhoff and Nau 13-Cis-retinoic acid in human plasma 1449

2102 ‘8T aunr uo “sanb Aq 610 jmmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

12000 - -
R
COOCH,

10000 -
8000

6000 B

ABUNDANCE

4000 i

2000 1W\LM L

LD S B St S B B S S EL AN S e S AR HE AR e o

6.4 6.8 7.2 7.6 8.0 8.4
min

2800 -

2400 - -

2000 - -

ABUNDANCE

1200 B

800 - -
———rr T T T T 7 T T T T

6.4 6.8 7.2 7.6 8.0 8.4
min

Fig. 5. Selected ion monitoring (m/z = 328) of 13-cis-4-oxomethylretino-
ate. Top, 10 ng of reference compound. Bottom, methylated peak A eluate.
No peaks eluted prior to 6 min.

cause the sample reservior of the AASP prep station has
a volume of 1.6 ml, 0.35 ml! of plasma was the maximum
volumie that could be quantitatively extracted. All recov-
ery data are presented in Table 2. Recovery was also de-
termined from a spiked solution of pure 5% bovine serum
albumin in phosphate-buffered saline. There was no sig-
nificant difference in the recovery of the retinoids from
human plasma (data not shown). This allowed the use of
the bovine serum albumin solution as a retinoid-free sub-
stitute for human plasma during calibration.
Reproducibility was determined by repetitive measure-
ments of a plasma to which 5 ng/ml 13-¢is-4-0xoRA, all-
trans-4-oxoRA, 13-¢is-RA, and all-trans-RA, respectively,
had been added. From the results presented in Table 3 it
seems also possible to run the analysis without internal

* standardization since the reproducibility was not dimi-

nished under external standard conditions.

Retinoic acid concentrations in human plasma

Retinoic acid concentrations were determined in plas-
ma from untreated humans (normal plasma) and in plas-
ma from volunteers dosed with 833 IU of vitamin A/kg.

1450 Journal of Lipid Research Volume 31, 1990

Table 4 shows the mean concentrations of the identified
retinoic acid compounds in human plasma. The plasma
concentration of 13-cis-4-0xoRA in untreated subjects was
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Fig. 6. Selected ion monitoring (m/z = 314) of 13-c&s-methylretinoate and
all-frans-methylretinoate. Top, 5 ng of 13-cts-methylretinoate and 10 ng of
all-frans-methylretinoate reference compounds. No peaks eluted prior to 7.6
min. Middle, methylated peak B eluate. The broken line in the inset shows
the part of the chromatogram that is scaled up. Some isomerization from
13-¢is-methylretinoate to all-frans-methylretinoate occurred during the
derivatization. The same phenomenon had been observed in the HPLC
analysis of the methylated peak B eluate (Fig. 4, middie). The large peak
eluting at 7.37 min was identified, by recording a full spectrum, as
methyl dehydroabietate (mol wt = 314), which is commonly used as a
plastic additive (The Merck Index, Ninth Edition). Bottom, methylated
peak C eluate. The impurity at 7.37 min was also present in this sample
(not shown).
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TABLE 1.

Control equipment

Sample 13-Cis-4-oxoRA All-trans-4-oxoRA 13-Cis-RA All-trans-RA
ng/ml plasma
Original blood 4.17 - 2.27 1.71
+ 13-¢cis-RA 4.10 - 9.32 1.70
(4._35)n ) (9.68) (1.82)
+ All-trans-RA 4.03 - 2.27 7.94
(4.36) ) (2.46) (8.59)

The values shown are ng/m! of plasma prepared from a blood sample that was supplemented with approximately
5 ng/ml of one reference retinoid where indicated; -, not found.
“Values in parentheses indicate the concentrations measured after 14 weeks of storage of the plasma at - 25°C.

higher than 13-czs-RA and all-frans-RA concentrations,
and 13-cis-RA tended to be higher than all-trans-RA. Vi-
tamin A intake significantly increased the concentrations
of 13-cis-4-oxoR A, 13-cis-RA, and all-trans-RA. 13-Cis-RA
increased sixfold over the basal concentration, whereas
all-trans-RA increased only threefold. Individual maxima
occurred between 1.5 and 3.75 h after dosing for 13-cis-RA
and between 2 and 4.5 h for all-trans-RA. 13-Cis-4-ox0-RA
did not reach a maximum until 6 h after dosing.

DISCUSSION

The biologically active vitamin A metabolite all-trans-
RA has previously been shown to be an endogenous com-
pound of human blood (16-19). The basic new finding of
the present study is that 13-¢is-RA and 13-cis-4-oxoRA
were also unambiguously identified in blood from nor-
mally nourished men who had not been exposed to isotre-
tinoin. Several analytical procedures have been used to
clearly demonstrate these findings. The procedures in-
cluded comigration with reference retinoids in various
HPLC systems both before and after derivatization, UV
spectroscopy, and gas chromatography with a mass selec-

TABLE 2. Recovery of 13-cis-4-oxoRA, all-zrans-4-oxoRA, 13-¢is-
RA and all-trans-RA from spiked human plasma

tive detector. Mass spectrometry was achieved in the sin-
gle ion monitoring mode since the sensitivity of this
method was much higher than a scanning method. Con-
sidering the consistent results of five different analytical
procedures, we are confident that peaks A, B, and C de-
rived from human plasma samples are identical to the re-
ference compounds 13-cis-4-0x0RA, 13-cis-RA, and
all-trans-RA, respectively.

We used a solid-phase extraction technique that offered
the advantage that the retinoids were never exposed to
high concentrations of organic solvents. Mass-transfer of
the retinoids from the sample to the stationary phase of
the AASP C2 cartridge took place in a diluted plasma mi-
lieu. In this environment, the stereochemical stability of
13-¢is or all-trans configured retinoids is very high (26).
The AASP solid-phase extraction also avoids evaporation
steps that can lead to retinoid instability. Control experi-
ments confirmed these considerations. We found a high
stereochemical stability of 13-cis-RA and all-trans-RA dur-
ing plasma preparation, storage of frozen plasma, and the
entire analytical procedure. Thus, in vitro formation of
13-cis-RA and 13-cis-4-oxoRA from all-trans-RA during
the analytical procedure can be excluded.

TABLE 3. Intra- and inter-assay reproducibility expressed as
coefficients of variation (%) of a human plasma sample spiked

c . ; _ .
ompound Concentration % Recovery (n = 6) with 5 ng/ml of each compound
ng/mi
8 mean t+ SD Internal External
All-trans-4-oxoR A 10 99.8 + 1.8 Standardization Standardization
100 98.0 + 1.1
Intra- Inter- Intra- Inter-
13-Cis-4-oxoRA 10 102.4 + 1.4 . assay assay assay assay
100 1005 1 1.0 Compound (n=9) (n =9 (n =9 (n=19)
13-Cis-RA 10 1015 + 0.9 %
100 99.2 + 1.3 All-trans-4-oxoRA 5.0 5.4 4.0 5.2
13-Cis-4-oxoRA 2.6 3.6 2.2 3.4
All-trans-RA 10 1015 £ 0.9 13-Cis-RA 1.8 4.7 2.3 5.3
100 98.3 + 1.6 All-trans-RA 5.7 7.3 5.5 8.5

“The compounds are listed in the order of their retention times.

“The compounds are listed in order of their retention times.
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TABLE 4. Retinoic acid concentrations in human plasma

Sample

Concentration

n'  13-Cis-4-oxo-RA 13-Cis-RA All-trans-RA

Normal plasma

ng/ml plasma, mean + SD

10 3.68 + 0.99 163 + 0.85 1.32 + 0.46

+ +
Max. plasma conc. after 833 1U vitamin A/kg body weight 5 7.60 + 1.45%° 9.75 + 2.18%¢ 3.92 1 1.40°

“Number of subjects.

*Highest concentration measured until 6 h after dosing.
‘Different versus normal plasma at P < 0.01 (Student’s ¢-test).
“‘Different versus maximum of all-trans-RA at P < 0.01 (Student's ¢-test).

It has recently been suggested, that all four retinoids in-
cluding all-trans-4-oxoRA were present at similar concen-
trations in a human control plasma (25). However, the
described method (25) was designed for the determination
of the metabolism of therapeutic doses of isotretinoin
(13-czs-RA) and peak identity was confirmed by coelution
with reference compounds in one HPLC system only.
The presence of all-trans-4-oxoRA in normal human plas-
ma was not confirmed by our results. Only in one volun-
teer after chronic exposure to 833 IU of vitamin A/kg
once daily, did we observe some all-trans-4-oxo-RA (Eck-
hoff, C., and H. Nau, unpublished observation). The lack
or the very low concentrations of all-trans-4-oxoRA in hu-
man control plasma can be explained by the observation
of Frolik et al. (23) who found that low, physiological con-
centrations of 13-¢is-RA and all-trans-RA seem to have on-
ly one common 4-oxo-metabolite which is 13-cis-oxoRA.

~ \ N N CHZOH
all-trans-retinol

o
RN NN CooH

all-trans-retinoic acid

The observed concentrations of all-trans-RA in normal
subjects (Table 1) were in good agreement with data pub-
lished by Barua and Olson (19) who found an average
all-trans-RA concentration of 1.80 + 0.80 ng/ml of se-
rum. Other groups (16-18), however, found higher
all-trans-RA concentrations (ca. 4 ng/ml}). In contrast to
the methods of these other groups, Barua and Olson (19)
did not use hydrochloric acid or sodium hydroxide for the
sample extraction. Since all-trans-retinoyl 3-glucuronide
was also found to be an endogenous compound of human
blood (19), it was suggested that the use of strong acid or
alkali could hydrolyze some of the all-trans-retinoyi 8-glu-
curonide, thus resulting in higher values of all-trans-RA.
In most subjects that we studied to date, 13-czs-RA had a
slightly higher concentration than all-trans-RA. Statistical
evaluation of the present data, however, showed no signifi-
cant difference (P > 0.05, Student’s ¢-test) between the

EndihbhndiNEe

« COOH
13-cis-retinoic acid

N N ~ ~
COOH

g 13-cis-4-oxoretinoic acid
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Fig. 7. Proposed metabolic pathways by which physiological doses of vitamin A can result in higher concentrations
of 13-cis-RA and 13-cis-4-oxoRA compared to all-tmns-RA in human plasma.
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plasma concentrations of 13-cis-RA and all-trans-RA.
However, after dosing with vitamin A (833 IU/kg body
weight) the mean maximal plasma concentration of 13-
cis-RA (9.75 + 2.18 ng/ml) was significantly higher than
the mean maximal plasma concentration of all-trans-RA
(3.92 + 1.40 ng/ml). Furthermore, a significant increase
in the mean maximal plasma concentration of 13-¢is-4-oxo
RA (7.60 + 1.45 ng/ml) was observed while all-trans-4-
oxoRA remained undetectable ( <0.5 ng/ml). The gene-
ration of such quantities of 13-cis-configured retinoids
from all-trans retinol was unexpected and brings up the
question of whether 13-¢is-RA is only a detoxification pro-
duct of all-trans-RA or whether there is an independent
role for 13-cis-RA as a biologically active metabolite of vi-
tamin A. Fig. 7 is a proposal for the metabolic pathways
likely to be involved in the generation of 13-cis configured
retinoids from all-trans-retinol.

The presented HPLC method appears to be a powerful
tool for investigations concerning vitamin A metabolism.
With its low limit of quantitation (0.5 ng/ml) it allows the
determination of physiological concentrations of 13-cs-4-
oxoRA, 13-cis-RA, and all-trans-RA in human plasma.
Sample preparation with the Varian AASP is extremely
easy and, together with a quick HPLC elution, allows the
analysis of a large series of samples in a short time. Sepa-
ration of the retinoids was achieved using a reversed phase
system with an ammonium acetate buffer. Mixtures of
aqueous ammonium acetate and acetonitrile or methanol
are commonly used by many investigators for the analysis
of retinoic acid compounds (27). We used a 3 um octade-
cyl silica column with column heating and a steep gra-
dient which resulted in narrow, well-resolved peaks. For
routine analysis, we use a second UV-detector (Shimadzu
SPD 6-AV; flow cell: 10 x 1 mm) operating at 356 nm
which is connected in series to the first detector which
operates at 340 nm. Outputs of both detectors are inde-
pendently processed by the C-R4A two-channel integra-
tor. This adds the characteristics UV-absorbance ratio of
the retinoid peaks as a second argument for a correct peak
identification to the peak retention time argument. The
assay method is successfully used for studies on the vita-
min A metabolism in human as well as in monkey plas-

ma. HB
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